A total of 1229 samples, including 406 bovine hides and 406 corresponding carcasses at the slaughter level, as well as 417 beef meat from local supermarkets, were tested for the presence of Salmonella sp. Eighteen (1.5%) samples were positive for the target microorganism, and the highest prevalence (2.2%) was found in meat, followed by carcasses (1.2%) and hides (1.0%). Among the isolated strains, Salmonella enterica serotypes Enteritidis (six isolates) and Schleissheim (six strains), followed by Dublin (four contaminated samples) were the most predominant. The antimicrobial resistance analysis against nine antimicrobials with the MIC technique revealed that most isolates were sensitive to all antibacterial agents. However, one S. Typhimurium of carcass origin was multidrug resistant, and displayed the resistance to four antimicrobials, i.e. ampicillin, streptomycin, tetracycline, and sulphametoxazole. Furthermore, one S. Enteritidis (from carcasses), two S. Dublin (of beef origin), and one S. London (from meat) strains were resistant to sulphametoxazole. The restriction enzyme analysis with XbaI resulted in eight different PFGE types. The obtained results suggest that cattle may be an underestimated source of pathogenic Salmonella for consumers.
Introduction
Salmonella has been widely identified in cattle and the infected animals may carry these bacteria without any clinical symptoms (7, 16) . Cattle carcasses and beef products can become contaminated with Salmonella through exposure to cattle faeces, or hides during slaughter and processing. It was also reported that carcass contamination can be the result of bacteria transfer from the intestine during the evisceration, and from the hide onto carcass during skinning (2, 11, 14, 16, 17) . Furthermore, the routes of pathogen transmission also include contaminated slaughter-house equipment, dust, operator hands, or technological water (16, 19, 20) . These ways of bacteria transfer emphasise the importance of controls in the food chain to prevent transmission of Salmonella and other foodborne pathogens.
In humans, Salmonella is one of the most common causes of foodborne infections, which have been associated with many different kinds of food, including beef meat and beef meat products (7, 9) . Therefore, the presence of Salmonella in cattle at the slaughter level, and even more important in beef meat available at the market is a significant food safety risk.
There are over 2000 different Salmonella serotypes, and all are considered as pathogenic for humans (8) . However, relatively few serotypes have been isolated from cattle and bovine carcasses as well as beef meat. It has been shown that the presence of S. Typhimurium in cattle and the consequent cross contamination of beef carcasses are of particular concern since this serotype is one of the most common causes of human salmonellosis in many countries (3, 5, 9, 20, 21) . Furthermore, many such strains have developed resistance to several antimicrobial agents (1) .
To assess the routes of transmission and molecular relatedness of Salmonella isolates along the food chain, usually the pulsed field gel electrophoresis (PFGE) method is applied due to its discriminatory power and reproducibility (6, 21) . This approach allows establishing routes and sources of carcass contamination with these pathogenic bacteria at abattoirs and at the meat level.
The aim of the study was to determine the Salmonella prevalence in hides and carcasses during the slaughter process, as well as in beef meat available for consumers. Furthermore, the isolates were characterised for serotype and antimicrobial resistance profile, which helped to understand the risk posed by this pathogen during beef processing.
Material and Methods
Samples. A total of 406 cattle slaughtered in three slaughter-houses in the eastern part of Poland were included in the study. The samples of bovine hide were collected between October 2007 and January 2010, using a swab method, and sponges from the brisket area after exsanguination of animals. The sponges were placed in autoclavable stomacher bags, pre-moistened with 10 mL of Maximum Recovery Dilutent (MRD, Oxoid, UK; 0.1% peptone, 0.85% NaCl) and autoclaved at 121°C for 15 min. Four sites (100 cm 2 each) were rubbed with four sterile sponges, 10 times vertically and 10 times horizontally. Samples from the corresponding bovine carcasses were collected using the same method. All swabs were then placed in a cooler box, and immediately transported to the laboratory, where all four sponges used for swabbing either hide or carcass were placed together into 200 mL of MRD and stomached for 3 min. Each sample was then divided into four aliquots of 40 mL each, and centrifuged at 1000 g for 15 min at 5°C. Finally, each pellet was resuspended in 100 mL of enrichment broth for Salmonella sp. Furthermore, a total of 417 bovine meat samples were purchased in local retail shops, and then used for detection of Salmonella sp.
Salmonella identification. Salmonella sp. was identified with the standard ISO 6579 method. The putative colonies were subjected to further biochemical analysis using API ® ID 32E test (bioMerieux, France). The identified and confirmed bacterial isolates were stored at -80°C for further analyses.
Serological analyses. Biochemically confirmed Salmonella sp. isolates were further serologically identified using a series of slide agglutinations specific for O and H antigens (White-Kauffmanna -Le Minor scheme) (12) . These tests were performed at the National Reference Laboratory for Salmonella at Department of Microbiology of the National Veterinary Research Institute in Pulawy, Poland.
Antimicrobial resistance. Isolates biochemically and serologically confirmed as Salmonella were tested for the resistance to nine antimicrobials using a microbroth dilution method to establish the minimum inhibitory concentrations (MIC) using the Sensititre ® custom susceptibility plates, PLVM, and EUMVS (Trek Diagnostics, UK). Antimicrobials, dilution ranges, and cut-off values used for MIC determination are described in Table 1 . The strains were sub-cultured twice on nutrient agar (Oxoid) at 37°C for 24 h. The MIC of the antimicrobial agents was determined using Mueller-Hinton Broth (Trek). The plates were incubated at 37ºC for 24 h and read using the Vision ® system (Trek). The antimicrobials and cut-off values used for the interpretation of the MIC results were in accordance with EUCAST (www.eucast.org) and the European Union Reference Laboratory for Antimicrobial Resistance. 
PFGE.
Salmonella isolates were also characterised by DNA macrorestriction analysis using pulsed-field gel electrophoresis (PFGE) method according to the protocol of PulseNet (22). Briefly, the isolates were cultured on nutrient agar overnight at 37°C, and 400 μL of cell suspension (absorbance: 0.8-1.0 at 610 nm) was transferred to 1.5 mL tubes. Then, 20 µL of Proteinase K (Sigma, Germany) were added to each tube and mixed gently. After that, 400 μL of mixture consisting of 1.0% SeaKem Gold agarose (Cambrex, USA) and 20% SDS (Sigma) was added to suspension, mixed gently and dispensed immediately into plug moulds. Subsequently, prepared plugs were lysed at 55°C in shaker bath for 2 h, washed twice with sterile water and four times with TE buffer. Finally, bacterial DNA was digested with 50 U of XbaI restriction enzyme (Fermentas, EU) for 2 h at 37°C. The separation of the generated DNA fragments was performed with 1% SeaKem Gold agarose gels in 0.5 X TBE buffer (Sigma) on CHEF DR II (Bio-Rad, USA) at 6 V/cm with initial and final time 2.2-63. 8 fingerprinting profiles. Dendrograms were generated on the basis of the Pearson correlation coefficient for similarity, and the unweighted-pair group method with arithmetic means (UPGMA) was used for cluster analysis. Band matching was carried out at an optimisation of 2% and position tolerance of 2%. The 95% of similarity was applied to differentiate the Salmonella pulsotypes.
Results
Salmonella detection. The overall prevalence of Salmonella on bovine hides, carcasses, and beef meat is shown in Table 2 . Only 18 (1.5%) positive samples among the total number of 1229 tested were identified. Most of them (nine samples) were of beef meat origin. Only four and five Salmonella contaminated samples were detected among bovine hides and carcasses, respectively. Serological investigations revealed that S. Enteritidis and S. Schleissheim were the predominant serotypes, being identified each from six of positive samples, followed by S. Dublin (four samples). It was also found that bovine hides were only positive for S. Schleissheim serotype, whereas the carcasses and beef meat were contaminated with more than one Salmonella serotype (Table 2) . No sample, irrespective of the origin, was positive for more than one bacterial serotype. 
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Antimicrobial resistance. Most Salmonella isolates were sensitive to all antimicrobials used in the study. However, one S. Typhimurium strain of carcass origin was multidrug resistant, and displayed the resistance to four antimicrobials, i.e. ampicillin (MIC >32 mg/L), streptomycin (MIC = 128 mg/L), tetracycline (MIC >64 mg/L), and sulphametoxazole (MIC >1024 mg/L). Furthermore, one S. Enteritidis (from carcasses, MIC >1024), two S. Dublin (of beef meat origin, MIC >1024 mg/L), and one S. London (from meat, MIC >1024 mg/L) strains were resistant to SMX. PFGE analysis. Based on the PFGE profiles, a dendrogram was generated for all 18 Salmonella strains isolated in the study (Fig. 1) . The analysis with XbaI restriction enzyme resulted in eight different PFGE types (with 95% similarity). One PFGE profile was represented by six isolates (No. 1-6, Fig. 1 ). All of them belonged to the same serotype and were isolated on the same day. Four of these isolates originated from hide and the remaining two strains from carcass. Moreover, all isolates were obtained from different animals. Other three strains, originating from beef meat (No. 13-15; Fig. 1 ) displayed the same PFGE profile. These strains also belonged to the same serotype and were isolated on the same day. The next three pulsotypes were common for two isolates of S. Dublin and S. Enteritidis, respectively. Furthermore, additional three unique profiles were also observed (No. 7, 12, 18; Fig. 1 ).
Discussion
The prevalence of Salmonella on bovine hides and carcasses was different in several studies performed worldwide. Narvaez-Bravo et al. (15) demonstrated that contamination of hides and carcasses at the slaughter level in Mexico was 92.4% and 24.8%, respectively. Similar study in Venezuela revealed that 36.3% of bovine hides and 7.2% of the corresponding carcasses after evisceration were positive for this pathogen (16) . In the USA, Salmonella-positive samples were identified, depending on the season, on 86.1% -93.8% hides (spring and summer) and on 44.2% -55.3% carcasses (spring and winter), respectively (6) . In Europe, the percentage of contaminated bovine hides varied depending on the author, place of sampling, and season of the year. Barkocy-Gallagher et al. (3) observed a high prevalence of Salmonella on hides of feedlot cattle (71.0% over the year). The prevalence of the bacteria on the hides was 91.6% in the summer, 97.7% in the autumn, 27.7% in the winter, and 61.4% in the spring. Reid et al. (18) recorded Salmonella prevalence on pasture-fed animals in the UK that was 10.0%, 8.8%, and 2.2% on the brisket, rump and flank, respectively; 17.7% of the 90 animals were positive. The percentage of contaminated bovine carcasses was also different and ranged from 0.7% in the USA (20), 2.5% (years 1997-1999) and 1.1% (years 2001-2002) in Belgium (11), and 7.6% in Ireland (14), including 1.5% in Northern Ireland (13) , although this last survey sampled a very large area (whole carcass side), which may have contributed to the high recorded prevalence. All these differences Very few raw bovine meat samples tested earlier were Salmonella-positive. Recently, Bingol et al. (4) investigated raw and ground beef meat from the market in Istanbul and identified 0% and 0.98% of samples, respectively contaminated only with S. anatum. Such serotype was not detected in the present study. According to the recent EFSA report (9) , prevalence of these bacteria in fresh meat at the retail level was 0.2% between 2008 and2010. Poland did not provide such data, thus, it is not possible to compare the previous values with the results of the present study. However, the level of contamination presently obtained (2.2%) was much higher than the mean value reported in the European Union, although a much lower number of samples were investigated, i.e. 417 and more than 44 000, respectively (9) .
All Salmonella isolates collected in the study were screened for serotypes and antimicrobial resistance. The most commonly observed serotypes were S. Enteritidis and S. Schleissheim, followed by S. Dublin. Recent investigations within the EU Member States revealed that relatively few Salmonella serotypes were associated with cattle, and of these, S. Dublin (44.3%), S. Typhimurium (26.1%), and S. Enteritidis (3.7%) were the most predominant (9) . The same data also indicated that bovine meat was the most commonly contaminated with S. Typhimurium (20.8%) and S. Dublin (18.1%), followed by monophasic S. Typhimurium (10.0%) and S. Derby (7.7%). As demonstrated in the present study, among 18 isolates identified along beef meat chain, only one S. Typhimurium strain was detected. On the other hand, S. Schleissheim and S. Dublin, two commonly found serotypes, are not among ten top frequent serovars responsible for salmonellosis in humans among the EU Member States (9) .
Although generally the isolated strains were susceptible to all antimicrobials tested, the resistance analysis revealed that only one S. Typhimurium isolate identified in the present study showed a multidrug resistance pattern (AMP, STR, TET, and SMX), defined as resistance to three or more antimicrobial classes (1, 10) . According to the recent EFSA report (10) , such strains (n = 107) of cattle origin were mainly resistant to TET (52.3%), AMP (45.8%), and sulfonamides (57.9%). Furthermore, similar antimicrobial resistance pattern was identified among S. Typhimurium responsible for salmonellosis in humans (10) .
Characterisation of distinguished PFGE profiles in correlation with serotypes revealed that the strains of the same pulsotype were of the same serovar. On the other hand, PFGE profile diversity of the S. Enteritidis was observed among isolates obtained from beef meat and bovine carcasses; however, a low number of samples were tested to draw a clear conclusion. PFGE is a powerful tool to demonstrate the genetic relationship of the strains and possible spread of the pathogen in the food chain. In the study, the isolates with the same PFGE profiles were found to cluster into the same groups, especially among S. Schleissheim isolates of the hide origin, which may suggest that they had been from the common source and transmitted from one slaughtered animal to another. However, it is not clear whether the bovine carcasses tested in the present study had been contaminated with the bacteria of hide origin. As it was shown with the PFGE analysis only two S. Schleissheim isolates recovered from carcasses (No. 1 and 3) had the identical molecular profile as those identified on bovine hides (No. 2, 4 -6).
In conclusion, the presence of potentially pathogenic serotypes at beef production chain, as well as in bovine meat is an evidence of the circulation of Salmonella in the food environment. The transfer of bacterial contamination from hides to carcasses can occur at the slaughter level; however, not much is known about sources of the pathogen present in the meat. The identification of multiresistant S. Typhimurium isolate suggests that cattle may be an underestimated threat to consumers' health.
